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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a catalyst having a 
high copolymerization reactivity with an aromatic vinyl 
compound and a permittivity to broadly control its 
composition ratio and giving an a-olefln/aromatic vinyl 
compound copolymer with high randomness, and to 
provide a method for preparing the catalyst. 

SOLUTION: This catalyst comprises a transition metal 
compound (A) shown by the formula (M^ is Zr, Ti, Hf, 
etc.; and are each Fe, etc.; Cp\ Cp^, Cp^ and 
^P** are each a group having a cyclopentadienyl 
skeleton; R'' and R^ are each a substituted silylene 
group, etc.; X, Y and Z are each a cyclopentadienyl 
group, etc.; and (n), (m) and (p) are each 1 to 5.), and 
an organoaluminumoxyl compound or organoboron 
compound (B). The producing method of the other 
objective a-olefin/aromatic vinyl compound copolymer is 
to copolymerize an a-olefin and an aromatic vinyl 
compound in the presence of this catalyst. 
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[0 0 7 6] n»i. l'^5(DmmXh^. ^*L<fil 

0:^ti^mm^mit^mt. tct^\tTt^^ (id 

^*x^ft;^4^^^, TI2^ (in) -C^$H6<t:^!^i:. 

50 TEE^ (IV) x^^n^it^mt^mm^x^m^^^ 



(12) 
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r ^ J; <9 I^S^r ^ r ^ 1 6o 

[0 0 7 7] -Mfc. TIS^ (II) X-^^tl^it-^l^t. 
TfE^ (III) -t^m^n^it^mt. TIB^ (IV) X*0: 

^th^it'^!^t^!mmm^^m^^xh^<. ^ (id 
xm^n^it^^t^ (III) xm^t^^it^i^t^m 
m^x^ft^^tim. ^mm^i^^ (m xm^t^^it 

^ (II) -^^^tbS^fb^i^i:^ (IV) x^^ti^^t 

'^i^t^mm^x^m^'ittc'ik. mmm^\^^ (in) 

[0 0 7 81 

[Cp^-R'-Cp'] Ap ••• (II) 

(^t|jcp\ Cp'*3J;TJ!R'l±. ^ (D i;^*3tta 



22 



* (il ^fc:Ji2T'foSo ) 
Z*-M'X„ ■•• (III) 

Z^-lVfY. ••• (IV) 

rtDj: 5.i'bT#bHfcHJjBS^ (r) xm^ti^m^^ 

10 gdfi^^^^KJ^;^ te: J; o X ^^t- 6^^;d5^fgT*fc^o 
[0 0 7 9] ^fc, ftrlEc*^ (r ) -e^^H^3§^^J!^ 

^fb^i^ti. TIS^ (V) X^^ixS^b-^^^TIE^ (V 

[0 0 8 0] 
[^t 1 3 1 



Cp^ -B 

' 1 



(V) 



[0 0 8 1] (^iti, Cp\ Cp\ M\ VP. 

X. Y, n*3j;oim«. (I' ) xm.m i.t^'^m t mm 

Xh^. B*3j:t/Cti^JC£;bT^ (r) X^^$nTV^ 

^f^dfi. Htfiesc (V) xm^n^it^^mt. tie^ 
(VII) T^^HSfb-^i^^, ^ (IV) -c^^tb^^b-^ 

^it^!^t. TiE^ (VII) xm^ti^it^i^t^^f^i:^ 
;^xcp' -R'-cp'^^^m^\^tiWi. ^ (IV) -e 
^^n^it^m ^mm ^ xmm ^-^^zLti^ix^xhm 
m-r^-tt^x^^o 

[0 0 8 2) E-C p' ••• (VII) 

(^^. CpMi. mte.^ (I') (^^a<i:f^^-Cfe'9. 
Efimfge^ (V) ^(7>BtRJt>l^X^ (V) x^m^th 

xr^^^R'^^^-r^xo^^mt^^xh^, ) 

mflEsC (VI) -C^^tu5>ft^2^^. Tg2^ 

(vir) -r^^ttsfb-a^i^i:. 5^: (III) xm^n^it 
^!^^mmm^^ft^'^xhx<. mifB^ (VI) 

th^it-^i^t. TIS^ (vir) -e^^nsjti'^i^i:^^ 
JC&^XCp' -R'-Cp'^^$:?i^^Lfc^. ^ (II 
I) T3g^:tx-5^t^i^^^l!eK4'T'^^^ii:6Cir(^<J:o 

[0 0 8 3] F-Cp' ••• (VID 

{^^^ CpMi, BtffE^ (I') C0^a^[^^-Cfef9. 

FfimiiE^ (VI) ^(DCtR}ti.x^ (I') -e;£i^^tL 

rtbic>OO^f£;{roV^Tfi. Organometallics 1987,6,89 
7 ; Organometallics 1990,9,2142 ; Organometallics 19 
89, 8, 2107 ; Organometallics 1992, 11, 3942 ; J. Organom 
et-Chera. 1990, 383, 227 ; SY^fLETT 1990.493 fj:t'i^^h 



'2 



(VI) 



[0 0 8 4] :^^mi^:}S\^^X±t^m^^mit^!^ 

(A) i^f:ii:xm^^mit^^ (A' ) 1 1 hi^m^^^h^ 
^mmT/\-^=-^j-.:^^iyit'^m (b) tcov^Tu^p^-r 
-So W^r/v5 r^r>A;^:3fi^{t^i^ (B) t;^^<iit^ 

6 8 7-^<^^^r^7J^$;i^Tv^5J;e>/^-^>'-^>-^^^4(?:> 

[0 0 8 5] tJ£3f5^^(^r/v^ y ^i^^-ti. fc^Af^T 

30 t^<DX.b^^^m^X-:>Xmi^-t^:Lti>^X^h^ 

(2) ^>^if>', h/Vni>'^ cn^/l^o:— h "7 t 

[0 0 8 6] t^^. i^T/v^ 

50 V\ 



(13) 
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24 



[0 0 8 7] T/i-^j^-^^^mmir^mi^m^^hti^ 

A , by sec-:/^/vr /V 5: ^? A , h y tert-:/^/vr 
r/u^^^^A, h y :*-^^yur/^^::^^^A, sy^v^/u 

r/w?:::^f>A/^^*<7) hy T/t'^yL'Ty^^^'^A ; hy-> 
^ n^drv^/U-T/V^ h y V:?' n;^-^^/^^/^^ 

/l-T/V 5; — r> A ^ n y K. -:/ni^yVT>'^ 5; ^7 A ^ t3 y 
h\ -^^^/vT/i^^: — "^A^^a ^: h\ i;?^ y::^^/^r/^ 
(i-C4H«) I A 1 , (CsHj z 

) 

[0 0 9 0] r/i-^ y^'t:y<7^mm\^m\^^hn^Bmk 

bXfS. -<^^-if>^, h/V^V, ^iyu:y, i^^^. -V;^ 

10 0 9 1] t(^-e#^-<^-'^ 

^ ^ ^ fii ^ it -5 ;^ i:* ( ^ J: o r # S ^ t 5 -e ^ S o 
r o J: 9 /^-<:/-^ W^r ^ - ^7 A;^^r i/^b 

-g-ifelfi. 6 0'CO-<^--^VlC^^-r'5A m^^^^A 1 m 
i^^^T'l 0%i^jtT. $f*L<J^ 5%Ji^T, if#(-$f^U 

[0 0 9 2] ±,tt<oxo-f^-^mr^\^^=^'OJ^-^^^^\\L^ 

m (B) iia. h/t-^V^?^^ LTmm$^^6^^^ 

r jv^^^ d^-:^^^^\\^'^m (B) fi, il?S:(DT/u5:^^> 
A:^^cD^Mco^«^{t:^i^^^^^W LTV ^T t> ct V ^ 
[0 0 9 3] :i<DJ;9/^W^r/i'^ :=^^?A;e-:ar'Wb'^i^ 

(B) i:. mttm^^mt-^m (a) ^;^)-e>^^sml^^ 



10 



[0 0 8 8] :L^h<O0^, h y T/V^/VT/l-^ 

^3j:u*hy^/i?nr/v^/^r/v5:^^A;$5$f^b<^ h 

/l.^ r^r>A<b'^i^i UT. TIS-^^ (VIII) -r^^io^ 
[0 0 8 9] 



■ (VIII) 



20 



30 



40 



Mft-^^J (A' ) t:^^h^^^ 



(A) ^x-a^z-^f^nMrnr 2:'^:^^i^\\:.-^m 
^m'c^m (A' ) 'i^x.xy^/^fz.nmmr M.:^ 

^iy^t^im (B) fm(*:(3imi^LTfflv^rt3 J;v\ 
[0 0 9 4] isfed. ^^?goa-;^U'y^>' • ^#^t' 

(A) ^f^f^^^^m-^^j (A' ) tthi^m^^hn 

[0 0 9 5] *:^^-efflV>btbS^a^J^'^^lt^i^lt h 

y r/^^/v>t:f>^. h y ry— hv^^^^> 

^ry-zUJi^yi^:^. ^y^^^>/V7}^y5^:^/^^^^ 



50 



[0 0 9 6] :if^.ib<D^m^^^mit^!^tvxn. Mi^ 

6tJ(-»i h y y:i^^/^?Ky V, hyy: (^v>5'y/V;*-uy 
Ti^^:^^ h y y^^/v;^/v^::iyA7^ h^^^ 

yii:::^^ M.'r (^y ^J?- y/u;*-yvy ji zn/V) 

hy;^ (-<>^i5'y/v:3f-pya:;:^/i-) AKy>. hyy^c^ 



25 

[0 0 9 7] ^(OXoti^^my^^mit-^i^ (B) t. m 
it^m (B) i:. (A' ) tii^ht^ 

j^t'^BV^T^g^^M^k'^i^ (A) ioJi-yj/'^fcfi^^^ 
f^^fb^i^ (B) ^ia^^c:fe^^LTfflv^rt>J:<. 

^\,'-xm^^mit^m (a' ) is.tu^/^:^^**^^^/^ 

5:^^i»;r=arMb^i^ (B) LT^V^T ^ 

10 0 9 8] ^^m\m.^'m\<o<x-:^u-7^i^ . ^§ 

fb^i^ (A) ^war/t-^ :^!>i^:^^v-fl:^i^*fcJiW 
^jtCj^^^t^jcfjCCTWrnT/w^^^^Aft-^i^ (c) 
(0 0 9 9] ^f:i^^m\^m^^m2(Da-:tU'7^ly ' 
ifej^fb-^!^ (A' ) tmmr/l^^::^'>J»:^^iyit^!^^ 

r:i\'tmm^^'>mit'^^ (b) i:;^l-b?^^^i£^tb^;&^ -tt 
hkth^^'^^m\^ft^cxmmr/i-K^'>j^it'^^ (c) 

[0 10 0] 5"'^#^7'/L'5;-^i^{b-a'i^ (c) 
^UTJi. fci:x.(^Tfi2^ (IX) T*^^ix5^^T/^^ 

R^AlX,-„ (IX) 

-hfS^ (IX) tr^3V^r. RMi. ^^I^^^;i5i~i 2 

^^-^/vS. ->^P^>' 
[0 10 1] ^«ir/i-5:-'>A{(:;^i^ (c) irbTli. 
TT'ci fyur/i-5:^!>A, h yy^/uryw?^^^'^. 

M;;^^f'/^r>'^5^^'A. h y 2-^^/^-^^V'/^r>'^ 
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h\ i^-f y y'p tvi^r /V ^ r> a a y y 

^ n y K. ^^/i^T/i^? Air>^.^^ 

t3 y h\ ^ y>^n tVl^T/^^^'^A-t^dr^ a y h\ ^ 

10 ^j^i^i^x^]} h\ ^y^atwr/v^^'^ixv^^^ay 

K. yy^/ur>'i-5::^'>ix^^-< K^-r K/^ir'cDr/w 
[0 1 o 2] ^fcW^r/v5:^'>A{fc'^i|^ (c) 

So 

R^AlWs^ ••• (X) 
(^4^. RMi. JitE^(^^Tfc'9. wti. -OR 

20 ■ - O S i RS - O A 1 R% - N R"j 

-S i RS^^fcJi-N (RJ) Al RSS-Cfe 
ip. nJ*. l*;tfi2T*fc«9, R% R' . R'*3j;U? 

ns. 7K9^/g^. pt^/v^. ^^/i^S. ^yy^utvv 

Jiis^ (X) x*^^n^^mr/i-^:^^-u^t^!^ti.x 

30 (1) R^Al (OR*) ,^X^:^i%^it^!m. f^t 

hdrV ■^'Y y::^^/l-'T/^5:^'>A7« h^v- 
(2) R". Al (OSiRS) ^^X^i^fh^it^ 

fct ;tf^E t^A 1 (OSiMe,). (iso-Bu) 
,A t (OSiMe,), (iso-Bu) jAl (OSiE 
t,) 

(3) R-nAl (OAIR',) ^^X^^fX.^it't 
fc^;tf^E tiA 1 OA 1 E t J. (iso-B u) ,A 

40 1 OA 1 (iso-B u) I /^t' ; 

(4) R^Ai (NR",) .^xm^ti^it-a-!^. ti 

t ;tf^Me jA 1 NE t J, E tjA 1 NHMe , M e 2 A 
INHEt, EtjAiN (SiMeOz. (iso-B 
u) ,A 1 N (S i Me,) 2 \ 

(5) R-nAl (S i R',) ^^Xmi^fx^^it'^^. 
fz.t^\^ (iso-B u) ,A 1 S i Me. /^if ; 

(6) R-„A1 (N (R^) Al RS) ,^Xm^f\.^ 
it^^. fc^^ffE t,A 1 N (Me) A 1 E tj, (is 
o-B u) ,A 1 N (E t) A 1 (iso-B u) J /^if-Cfe 

50 60 



27 

[0 10 31 ±fB^ (IX) iaxxj^ (X) -r^m^th^^m 
(OR-) R-hAI (OAl R%) ,^X'm^n 

o^j:m^±mit'^^ (A) mmr/u^^^M.:^^i^ 
^t^^'^fz.i-x^m^^^m^t'^!^ (B) ii^^m^ft^cx 

[0 1 0 51 :^mmKm^m2(Da-^\^-:7^:yt'^m 

\%mmit^'>mt^m (b) '£^m\^\^^\:^xmmT/\^% 

(c) tf)^h^j^^a~:^uy^:y'^mm 

[0 10 61 ;^^?gT-fi. fi-a-f*;^^ y-fi-^^, 

[0 10 71 ^fkTK^jSK^^ UT*(^&^)t::Ji. -^^ly. 
^yy^i^, ^ly^>^ -i^^^l^, y^^>. 

[0 10 81 4=:^?^(-^3V^T^^ y^-fi-^&^fcfi^?^ 

-t^m^^^-t^ mm^mit^m (a) ii^f:L},%m^^mit 

(A' ) ] fi. fi'^^JC&^f^<^^i^3^#JP<fc'^!^(D 

L< (ii 0'"— 5 X 1 0^/u/y 5/ h/K^)a-cfflv>p5ix 

6rir;65S*LV\ m^^mit^m (A) C^fctii^^ 
^JS^k-^i^ (A' ) ] i:. ^mr/\^^=-^J^:t^%^\\l^ 

^) fi. ii^ 10 — 10000, ^ L<»i 20 — 50 
O Or-^Sr m^-^mit^^ (A) 

fcjii^^^j^'ft^i^ (A' ) ] mmn-^'>mit^^t 

^1-5 0 0 0, U< fil — 1 o 0 o-cfc6^i:;55 

[0 10 91 ^^9gt-*3v^T. ^^y-s-^^^Sr^jfe-r 

S-^^a^fiii^- 1 0 0-1 0 ot:. ^jf * u 
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m^m^mm'r^m\a:x. m-^um-^. ii^o-250 

'C. ^^L<»^1 5 — 2 0 CCO^ia-CfcSr 

fi'^JQE;^Jfi. iia. '^l£/^V^bl 0 0 k g/cm 
^ $f*L<»3:^E-5 0 k g/cm^(^^f4^Tr'fc 

mu^ 2^i;ji_h(c^itTn 9 r ^ t>^tgr-foSo 

[0110] ^^m\^^^^ct-:i-l-y^>'t^^mi:r=^ 

10 :y\t, mmm=f-m^ 2-30 co^i^-s^t^^^w-rs^ 

::^Tb<^^y-^--»iiSm^4T*^f::ti2®^Jtjifl'^ 

[0 1 1 ll ^^^i^^Sa-;^-u:7^>^i:^#;^tf^ 
20 /Ht-^i^ t o^fi-^iciffl V ^ s -e # e t-^/i- 

-^^i^v, p-^ p-^^/L';^^u>^, p-te 
rt-:^^/^;^^l^>^, p-^ h^v';^f^I^V. p-^aa>^ 

[0 1121 

30 [^^(O^^l ;*:^eg(c:^.6a-;*-U'7^'^- • ^#i^t^ 

/)^ibm^^tix\^^^(DX\ ^mm^^Mt^m^n-r^ 
[0 1131 :^^m\:i^^^^m^i:m^^mit'^!m^m\^^ 

^'^X^^o 
[01141 

[0 1151 /^*3, ^^mi^^^^Xy^^U>-^mi^'H 
-NMRCOSIJ^ (25t:, CDCi,^i;^, 5" h ^ ^ 

50 5>tt;ei^?3jJ^4?)fco :*fc^m-a'i^^^3^^^^t-ov^T^i:^c 
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^^fe (Macromolecular Chemistry and Phisics, 197, 107 
1(1996) . *5ct0^^4 2lHli^^^^t^^^^^^. 4 2 
2292 (1993) 0m) i^^l)t^^"C -NMK (2 5^;, 
CDC \, mm. 'rhy?^^^i-i^'7i^\^^mm) 

mmvfco ^"^^^m^^m (Tg) i-x^^^^mm&fy 

(DSC) {zx^ I ot:/^(7>#?aig^-eatebfco 

[0 116] 

yf^'^A:^ (1) <D^^ 10 
:7;nn-ir:/ 7. 44g (4 0mmol) ^r^tf^— 7^ 
/l-^?^ 1 5 Om 1 tC^M-Cy^^/l-y ^!:^A-^:^-th>'^ 
3 5. 1ml (60 mm o t ) L. 2 4 

^/UV^>' 15. 5g (1 2 Ommo 1 ) ^^tf^ — 

fco JS^t-. ^^^i^;ET©*bfc^. 8 0m 

tKni:7^V 1 O Om 1 Sr^tJPX. - 7 8 'Ct'J^iP bfc 20 
>^^fK 5 6. 7 1ml (2 7mmol) ^iSTbfco 

- 7 s'c-ca o^fsi^^^^-t^fc^. $ 

dr-thV 16 0ml ^^ID;t^^Sii^ :7 ^ /l^^ —-C 
5 . 8ml (27 mm o I ) ^m'T $ ^d^M-t? 1 

(1) 4. 4 5g (IK^3 6% {-y oLX^^iy^H^) ) 30 
^#fcio y^^ix:^ (1) ^TIEt^^-To 
[0117] 
tftl 4] 

Me2 
^^^^^ 

[0 118] m^^mit^m rr-i-i] co^efe 
Htrili<o:^r^-e'^fiKb5ty^!>ixi^ (1) 4. 96g (1 40 

5. 8mmo 1) (O^^'^iy- VJX^=^:yMM10. (^^1^ 
>- : 1 0 m U hyl-^^- : 2 0 0ml) 7 8 

8. 3ml (17. 4mmol) ^?^TUfco rt^M^ 
-emBgKJc£:^-l*:fcm. ^?a^-C#?ab$ (bt^i i 2B#rrg 

V^i^Sif^^Ulife^ft^l. 86g (i|X^2 6%) 
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[0 119] *H-NMR (CDCl, ) : 6 =7. 20(t, 2H) , 
7.0I(t, 2H),4.4 2 (t, 2H),4. 16 (t, 2H),4. 14 (s, 5H),0. 65 
(S, 6H) 

[0 12 0] 

[^b 1 5 } 

Me2 
\ * 

Ti Fe 

[0121] 

5 Om 1 £DHp 7-^^=1 ^^^Bi^Lfc 
^j^^iJ-eS^itLytj^^^M^t-^ife [I'-l-l] ^5. 
8mg (0. 0 12 5mmo 1 ) ^^tJi^y'c:o ^^-^ h 
/u^i^i 5m 1 *5J:ot;=<.^i/;/i Om 1 ^AtlM^'^B 

l^-^ 1 . 2 5 mm o 1 bfi-^<l:^*& bfCo M'n^4'»* 
:7 ^ ;^ n f*g (7? ^ - ^ { -t, ;0S i>, ^ ^ 1/ >- ^ ^]EE 
#t^bfco 3 0 5>rF.1S^bfc^. ^mz.;^^ 
;5JD-r^^^{:iJ:'9S'^^#^il:L. ^jc&^^^^z^^S*^):^^ 

^y-/n-iioxL7j^y-7— ^irwm^-ar/co 

(^fejK y -e— ^ u u \z.mm b^^^^l^V^fc 

^fSiFP^^i^b. ^hKr-^vi^x^^\z,m^. m 

^-r-St"— ^ (45-47, 37, 30, 27, 25p 

pm) . ^^uiy-=^=^ui^mm\z^M'r^yi^—^ (3 

Oppm) ib^J;U«^^V'>'-^^W>'ig^(^ti35fc'r5 t' 

mu-mu^^^ : 4 0 p pm. mm-mum^ 

34 — 3 5ppm) ;i5^aiJ^ix, r (^tK y -e— w 
^i^^M.^m^i^X;^^:ztn. ^tbi^rcL7Ky^-;05^K 

[0122] 

[Il5fe0ij2~5] ;=^^u>'tti2ia^aj;Ufh/uai>^^i^s 

i.x^'^i->t:^^\^>'t(o^m^^n-^tio i^^^m^ 

[0123] 

mmme] m^^mit^!^ [r-i-i] c^€effifi<£:i. 

5m g (0. 0 0 3 1 mm ol) t l^tc :i t iiK^i^MM 
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[0124] 
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to 1 2 5] 

[^1] 















(ml) 


(ml) 


•1 


(ifloljS) 


cr) 




I' -1-1 


10 


15 


7.1 


56 


26 






2.5 


22.5 


1.3 




-2 




I* -1-1 


5 


20 


3.8 


U9 


15 




I»-L-1 


15 


10 


12.7 


60 


30 




I* -1-1 


20 


5 


U.6 


72 


-•2 




I'-l-l 


10 


15 


Uli.3 


52 


20 




CpTlCls 


10 


15 


-♦3 








Cp*TiCl3 


10 


15 


6.0 


30 


-19 



•1:g-#>j7-/[iinioljS4ift • hr *2: T g tT™ 2 9® : 23'C.9inc 



m2] :^mm\m^m2<Di> 



• 1 ' ' 

50 



■ I ' ' 
40 



' ' I ' 
30 



PPM 



(18) 



ij^^^l 0-1681 12 



[mi] 



(A) m^^mm^ 



Cp"- R2- Cp3- Ml - Cpi- Ri- Cp2 
M3Zp M2Y« 



M^:Zr,Ti,Hf f^t^ .M^ :Fe/j: 

Cpi ,Cp2 ,Cp3 ,Cp* : D'O^ -?x-n.# ^ -5 S 

m: 1'v5 n: 1-5 p: 1-5 

(B) mm^m^i^ 




(19) 



0-168112 



m2] 



I I 



Mi:Zr,Ti,Hf f j; M^iFe fj: if 

(B) mm^m^^ 




(72)^1^3^ lu m m 



